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(57)Abstract: 

PURPOSE: To reduce the on-resistance of MOSFET 
and IGBT having a high withstand voltage by providing a 
means for increasing the diffusion resistance of an 
injection carrier diffused into a source and a body. 
CONSTITUTION: The area of a body 2 into which a hole 
flows is narrowed and an n-drain 3 region in the vicinity 
of the p-body 2 is narrowed by a trench gate 8 in order 
to increase the diffusion resistance of an injection 
carrier. For that reason, since the diffusion resistance is 
increased, the diffusion velocity of a hole is lowered and 
the hole is accumulated in the drain region in the vicinity 
of the p-body 2. On the other hand, since a channel is 
formed by the voltage of the trench gate electrode 8 and 
in electron flows, the electron flows through the drain 
region 3 independent of the diffusion resistance. As a 
result, the plasma state of the high density of an 
electron and a hole is realized in the drain region 3 and 
in cooperation with the injection effect of a hole from a 
p+ gate layer 5, electric conductivity modulation is 
accelerated, thereby being able to reduce on-resistance. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Two or more crevices and heights which are characterized by providing the following 
and which can be set to a front-face side, The 1st main electrode which has the 1st 
semiconductor layer of the 1st conductivity type, the 2nd semiconductor layer of the 2nd 
conductivity type which adjoins the 1st semiconductor layer and is prolonged in heights, the 3rd 
semiconductor layer of the 1 st conductivity type in heights, and the 4th semiconductor layer of 
the 2nd conductivity type prepared in the 3rd semiconductor layer, and is connected to the 2nd 
semiconductor layer, and heights the [ the 3rd and ] — the 2nd main electrode linked to 4 
semiconductor layers The 1 st control electrode prepared through an insulator layer in a crevice 
The 2nd control electrode linked to the 1st semiconductor layer Heights which do not connect 
****** and the 2nd main electrode 

[Claim 2] Two or more crevices and heights which can be set to one main front-face [ which is 
characterized by providing the following / of a couple ]. and main front-face side. The 1st main 
electrode which has the 1 st semiconductor layer of the 1 st conductivity type which adjoins the 
main front face of another side, the 2nd semiconductor layer of the 2nd conductivity type which 
adjoins the 1st semiconductor layer and is prolonged in heights, and the 4th semiconductor layer 
which adjoins one main front face and is prepared in heights, and is connected to the 1 st 
semiconductor layer, and heights the [ the 3rd and ] — the 2nd main electrode linked to 4 
semiconductor layers The 1st control electrode prepared through an insulator layer in a crevice 
Heights which do not connect ****** and the 2nd main electrode 

[Claim 3] Two or more crevices and heights which can be set to one main front-face [ of a 
couple ], and main front-face side, and the 1st semiconductor layer of the 1st conductivity type 
which adjoins the main front face of another side. In the 1st main electrode which adjoins the 1st 
semiconductor layer, has the 2nd semiconductor layer of the 2nd conductivity type prolonged in 
heights, and the 4th semiconductor layer which adjoins one main front face and is prepared in 
heights, and is connected to the 2nd semiconductor layer, and heights the [ the 3rd and ] — 
with the 2nd main electrode linked to 4 semiconductor layers, and the 1 st control electrode 
prepared through an insulator layer in a crevice The voltage drive type semiconductor device 
characterized by being located in the field where it had the 2nd control electrode linked to the 
1 st semiconductor layer, and the 1 st semiconductor layer projected the crevice to the main 
front face of another side. 

[Claim 4] The voltage drive type semiconductor device characterized by having the 5th 
semiconductor layer of the 2nd conductivity type which is prepared in the heights which do not 
connect the 2nd main electrode in a claim 1 or a claim 2, and is prolonged to the pars basilaris 
ossis occipitalis of a crevice. 

[Claim 5] The voltage drive type semiconductor device characterized by the configuration of a 
crevice being a trapezoid in any 1 term of a claim 1 or a claim 3. 

[Claim 6] The voltage drive type semiconductor device characterized by irradiating helium ion, a 
proton, or an electron ray at the 3rd whole surface or part of a semiconductor layer near a 
semiconductor layer in any 1 term of a claim 1 or a claim 3. [ 2nd ] 

[Claim 7] The direct-current terminal of a couple characterized by providing the following, and 
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the alternating current terminal of the source resultant pulse number of ac output, and the same 
number, Connect between the direct-current terminals of a couple and two or more parallel 
circuits of a switching element and the diode of reversed polarity are connected to a serial. Two 
or more crevices and heights which the interchange point of a parallel circuit is equipped with 
the inverter unit of the source resultant pulse number of ac output, and the same number 
connected to an alternating current terminal, and a switching element can set to a front-face 
side. The 1st main electrode which has the 1st semiconductor layer of the 1st conductivity type, 
the 2nd semiconductor layer of the 2nd conductivity type which adjoins the 1st semiconductor 
layer and is prolonged in heights, the 3rd semiconductor layer of the 1 st conductivity type in 
heights, and the 4th semiconductor layer of the 2nd conductivity type prepared in the 3rd 
semiconductor layer, and is connected to the 2nd semiconductor layer, and heights the [ the 3rd 
and ] — the 2nd main electrode linked to 4 semiconductor layers The 1st control electrode 
prepared through an insulator layer in a crevice The 2nd control electrode linked to the 1 st 
semiconductor layer Heights which do not connect ****** and the 2nd main electrode 
[Claim 8] The direct-current terminal of a couple characterized by providing the following, and 
the alternating current terminal of the source resultant pulse number of ac output, and the same 
number, Connect between the direct-current terminals of a couple and two or more parallel 
circuits of a switching element and the diode of reversed polarity are connected to a serial. The 
interchange point of a parallel circuit is equipped with the inverter unit of the source resultant 
pulse number of ac output, and the same number connected to an alternating current terminal, a 
switching element The main front face of a couple, Two or more crevices and heights which can 
be set to one main front-face side, and the 1 st semiconductor layer of the 1 st conductivity type 
which adjoins the main front face of another side. The 1st main electrode which adjoins the 1st 
semiconductor layer, has the 2nd semiconductor layer of the 2nd conductivity type prolonged in 
heights, and the 4th semiconductor layer which adjoins one main front face and is prepared in 
heights, and is connected to the 1st semiconductor layer, and heights the [ the 3rd and ] — the 
2nd main electrode linked to 4 semiconductor layers The 1st control electrode prepared through 
an insulator layer in a crevice Heights which do not connect ****** and the 2nd main electrode 
[Claim 9] It connects between the direct-current terminal of a couple, the alternating current 
terminal of the source resultant pulse number of ac output, and the same number, and the 
direct-current terminal of a couple. It has the inverter unit of the source resultant pulse number 
of ac output, and the same number in which two or more parallel circuits of a switching element 
and the diode of reversed polarity are connected to a serial, and the interchange point of a 
parallel circuit is connected to an alternating current terminal, a switching element The main 
front face of a couple, Two or more crevices and heights which can be set to one main front- 
face side, and the 1 st semiconductor layer of the 1 st conductivity type which adjoins the main 
front face of another side. In the 1st main electrode which adjoins the 1st semiconductor layer, 
has the 2nd semiconductor layer of the 2nd conductivity type prolonged in heights, and the 4th 
semiconductor layer which adjoins one main front face and is prepared in heights, and is 
connected to the 2nd semiconductor layer, and heights the [ the 3rd and ] — the power 
converter characterized by being located in the field where it had the 2nd main electrode linked 
to 4 semiconductor layers, the 1 st control electrode prepared through an insulator layer in a 
crevice, and the 2nd control electrode linked to the 1 st semiconductor layer, and the 1 st 
semiconductor layer projected the crevice to the main front face of another side 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3,In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the power converter which used a voltage drive 
type semiconductor device and it. The voltage drive type semiconductor device which applied 
this invention can be used for the inverter of various power capacity, a power supply, power 
amplifier, VCO, an analog switch, etc. Moreover, in use, only as a simple substance device, even 
if it piles up IC, it can use. 
[0002] 

[Description of the Prior Art] Conventionally, MOSFET. IGBT, etc. are known as a voltage drive 
type semiconductor device. For example, although it has the advantage that the vertical mold 
MOSFET shown in drawin g 2 can pass the ON state current from the ON state voltage of the OV 
neighborhood, since a depletion layer spreads in the n drain 3 from junction of the p body 2 and 
the pinch of the current path is carried out by this depletion layer, an on resistance becomes 
high. On the other hand, since work, such as KShenai. IEEE lEDM Technical Digest, and trench 
type MOSFET carried by pp.793-797 (1990) can remove this pinch resistor, it can make an on 
resistance low. However, in order to carry out to high pressure-proofing, there is the need of 
making the resistivity of a drain field high and thickening, consequently the problem that an on 
resistance becomes high arises. 

[0003] On the other hand, since IGBT pours a hole into a drain field from p emitter and starts 
conductivity modulation, even if it makes it high pressure-proofing, it has the advantage that an 
on resistance can be made low compared with MOSFET. However, in order especially to apply to 
the power converter of the high voltage etc., the conductivity modulation in a drain field is still 
inadequate, and the power loss of an on resistance is highly large compared with a GTO thyristor 
etc. For this reason, a semiconductor device of further a low on resistance is desired rather than 
the present IGBT. 
[0004] 

[Problem(s) to be Solved by the Invention] Even if it carries out the technical problem of this 
invention to high pressure-proofing, it is offering the voltage drive type semiconductor device 
which can be done in a low on resistance, and the power converter of a low power loss using it. 
[0005] 

[Means for Solving the Problem] The above-mentioned technical problem is solvable in MOSFET 
or IGBT which has a carrier pouring layer for pouring a minority carrier into a drain field by 
having a means to increase the diffused resistor of the pouring carrier diffused on the source 
and the body. 

[0006] As a concrete means to increase a diffused resistor, irregularity may be formed in the 
front face of a semiconductor base with a trench etc., the drain field near the body may be 
narrowed, and a carrier pouring layer may be prepared in preparing the heights to which an 
electrode is not connected, and the field which projected the crevice after forming irregularity 
similarly. 
[0007] 

[Function] In MOSFET using the means of this invention, or IGBT. by carrying out the voltage 
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drive of the MOS gate first, a channel is formed in the body and a majority carrier (for example, 
electron) flows from the source to a drain. Subsequently, by IGBT, by injecting a minority carrier 
(for example, hole) into a drain, a minority carrier diffuses a drain field and starts conductivity 
modulation from an emitter from a carrier pouring field at MOSFET. By the way. it serves as low 
concentration as it is spread and it approaches near the body near the pouring field, although 
this minority carrier is high concentration, and the conductivity modulation near the body does 
not not necessarily have an enough lameness crack. However, if the poured-in minority carrier 
arrives at the drain field near the body, since the diffused resistor in this field is enlarged in the 
case of this invention, a diffusion rate falls and the drain field near the body is covered with a 
minority carrier. The electron which has flowed through the above-mentioned channel formed in 
the body on the other hand flows a drain field with regards to a diffused resistor that there is 
nothing. Consequently, a drain field will be in the plasma state of an electron and a hole, and 
conductivity modulation is fully promoted including [ near the body ]. 
[0008] 

[Example] Drawin g 1 is the 1st example based on this invention, this example is an example of 
MOSFET which has a carrier pouring layer, and shows the segment of 1600V and 100 Class A 
element. Two or more irregularity is prepared in the 1 main front face of the semiconductor 
substrate of silicon according to well-known trench structure. p+ which adjoins a semiconductor 
substrate mutually at the main front-face side of the inside bottom of drawing The gate layer 5 
and n+ The contact layer 4 is formed partially. In addition, p+ The gate layer 5 and n+ The n drain 
3 intervenes between the contact layers 4. The n drain 3 is p+. The gate layer 5 and n+ While 
adjoining the both sides of a contact layer, it is prolonged to the convex exceeding the pars 
basilaris ossis occipitalis of a crevice. The p body 2 is formed in heights and n source is partially 
formed in p body. 

[0009] Furthermore, n+ The drain electrode 7 carries out ohmic contact, and the source 
electrode 6 carries out ohmic contact with the p body 2 and the n source 1 in the summit 
section of heights at a contact layer. In the crevice, the trench gate electrode 8 (MOS gate 
electrode) is formed so that it may be embedded. Moreover. p+ The gate electrode 9 for minority 
carrier pouring is carrying out ohmic contact at the gate layer 5. 

[0010] Here, in order to enlarge a diffused resistor, that in which the source electrode 6 and n 
source layer are not prepared is formed, the source electrode 6 and n source layer prepare, and 
it is arranged a **** thing and by turns by heights. And it is n+ directly under [ in which the 
source electrode 6 and n source layer are prepared in order to make low a drain electrode and a 
source inter-electrode on resistance ] heights. The contact layer 4 and the drain electrode are 
arranged. Moreover, it is p+ directly under [ in which the source electrode 6 and n source layer 1 
are not formed ] heights. Heights and p+ in which the source electrode 6 and n source layer are 
prepared by arranging the gate layer 5 The diffused resistor of the minority carrier which 
enlarges distance of the gate layer 5 and is poured in from p+ gate layer 5 is enlarged. 
[0011] The structure item of this example is as follows. Segment width efface is 35 
micrometers, and 5x1019cm-3. 5x101 7cm-3, and the junction depth of the surface high impurity 
concentration of the n source 1 and the p body 2 are 2 micrometers and 4 micrometers 
respectively. The n drain 3 and n+ The contact layer 4 and p+ The high impurity concentration of 
the gate layer 5 is 5x1013cm-3. 1x1019cm-3. and 1x1018cm-3 respectively, and thickness is 
250 micrometers. 5 micrometers, and 5 micrometers respectively, p body width of face (distance 
from the trench gate electrode 8 to the next trench gate electrode) is 4 micrometers, and the 
width of face and the depth of the trench gate electrode 8 are 8 micrometers and about 1 0 
micrometers respectively. 

[0012] The operation of this example is as follows. If voltage is impressed so that the potential of 
the trench gate electrode 8 may become higher than the potential of the source electrode 6 
about the potential of the drain electrode 7 more highly than the potential of the source 
electrode 6, and the voltage of trench gate 8 electrode exceeds a threshold voltage, an n 
channel will be formed in the p body 2. and an electron flows in and turns on in the n drain 3 
through a channel from the n source 1, Under the present circumstances, it is p+ when voltage 
higher than the source electrode 6 is impressed to the 2nd gate electrode 9. A hole is injected 
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into the n drain 3 from the gate layer 5, and conductivity modulation arises in a drain field. This 
poured-in hole diffuses n drain 3 field, and reaches the bottom of the trench gate soon. Although 
this poured-in hole originally flows into p body formed all over the segment by this invention, a 
trench is formed, a part of p body is deleted, and since p body between trenches is not 
connected to the source electrode 6, it is in floating in potential and a hole does not flow. For 
this reason, p body with which a hole can flow is restricted to a part for the body part connected 
to the source electrode 6. thus, the area of the body with which a hole flows was narrowed — in 
addition, since n drain 3 field near the p body 2 is also narrowed by the trench gate, and a 
diffused resistor increases, the diffusion rate of a hole falls and the drain field 3 near the p body 
is covered with a hole On the other hand, since an electron forms a channel with the voltage of a 
trench gate electrode and flows, with regards to a diffused resistor, a drain field is flowed that 
there is nothing. Consequently, in a drain field, the high-density plasma state of an electron and 
a hole is realized, and it is p+. Conductivity modulation is conjointly promoted further with the 
pouring effect of the hole from the gate layer 5, and an on resistance is reduced, the case of this 
semiconductor device — the current density of 100A / square SENCHIMETA — receiving — a 
voltage drop — about 0.17 — V it is — compared with the conventional voltage drive type 
semiconductor device, an on resistance can be reduced to about 1/10 Moreover, while a turn- 
off accelerates by carrying out the reverse bias of between the drain electrode 7 and the gate 
electrodes 9 at the time of a turn-off, and drawing out an accumulation carrier, turn off power 
losses decrease. It sets to this example and is p+. The gate layer 5 and n+ Since the n drain 3 of 
low high impurity concentration intervenes from these between four layers of contacts, it is p+. 
The gate layer 5 and n+ Pressure-proofing of the junction which consists of a contact layer 4 
can be made high. Therefore, since reverse bias voltage can be enlarged, the effect of 
improvement in the speed of a turn-off and tum-off-power-losses reduction is large. 
[0013] In addition, by preparing switching means between p body which can be put on the 
heights in which the source electrode 6 and n source layer 4 are not formed, and a source 
electrode, and turning on switching means at the time of the turn-off of this equipment, the hole 
in the n drain 3 can be drawn out to a source electrode, and turn-off operation can also be made 
quick. However, in the ON state of this example, switching means are turned off and the on 
resistance reduction effect is made not to be lost. 

[0014] Drawing 3 is the 2nd example of this invention, and basic composition is almost the same 
as the 1st example, this example is characterized by losing it to the 1st example having p body 
which is not connected to the source electrode 6. That is, it is p+ in the field which projected 
the crevice where the trench gate 8 is embedded on the fi^ont face by the side of a drain 
electrode. The gate layer 5 is formed. 

[0015] Operation of this example is the same as that of the 1st example. Since it is spread a 
little also to the drain field near [ where the hole poured into the drain field is not connected to 
the source electrode 6 in the case of the 1st example ] the p body, a drain field cannot be easily 
covered with a hole. If the hole which was poured into the drain field to it in the case of this 
example reaches the pars basilaris ossis occipitalis of the trench gate, since it will be put back 
by the potential of the gate electrode 8, the drain field near the p body inserted into the trench 
tends to be covered with it. Consequently, from the 1st example, further, conductivity 
modulation becomes good and an on resistance is reduced. 

[0016] Drawing 4 is the 3rd example based on this invention, and basic composition is almost the 
same as the 1st example, this example is using n type substrate which makes (111) the crystal 
face to the 1st example using n type substrate which makes (100) the crystal face for the n 
drain 3. Operation of this example is the same as that of the 1st example. Since the latus trench 
gate of a base like drawing 4 is formed of anisotropic etching in the case of this example, a 
diffused resistor can be increased, it is hard coming to spread even p body, and a drain field 
tends [ further ] to be covered with the hole poured into the drain field. Consequently, 
conductivity modulation is promoted from the 1st example and an on resistance is reduced. 
[0017] Drawing 5 is the 4th example based on this invention, and basic composition is almost the 
same as the 1 st example. In the case of the 1 st example, p body field which is not connected to 
the source electrode 6 in this example is n+ which has high high impurity concentration from the 
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n drain 3 to the conductivity type of the p body 2 which is not connected to the source 
electrode 6 being a p type. It is characterized by being a layer 51. Operation of this example is 
the same as that of the 1st example. In the case of this example, the hole poured into the drain 
field is n+. It is n+ when it reaches near junction of a layer 51. Since the high impurity 
concentration of a layer 51 is higher than n drain, a hole is rebounded by the diffusion potential 
of this portion and the drain field 3 is covered with a hole. Consequently, conductivity modulation 
is promoted from the 1st example and an on resistance is reduced. As an application of this 
example, it is n+. It is possible to make the junction depth of a layer 51 deep. In the case of this 
application, a pouring hole is early n+ from a previous example. Since it reaches near junction of 
a layer 51 and the drain field 3 becomes easy to be covered, conductivity modulation is 
promoted further. Moreover, p+ which has high high impurity concentration for the above- 
mentioned n+ layer 51 from the p body 2 as another application Considering as a layer is also 
considered. In the case of this application, the hole poured into the drain field is this p+. When 
junction of a layer is reached, it is this p+. Since the high impurity concentration of a layer is 
deeper than the n drain 3, the diffusion rate of a hole falls, and a hole is put back and collects on 
the n drain 3. Consequently, conductivity modulation is promoted from the 1st example and an 
on resistance decreases. 

[0018] Drawing 6 is the 5th example based on this invention, this example is n+ which has high 
high impurity concentration from the n drain 3 in the composition of the 4th example. It is 
characterized by adding a layer 61 to the pars basilaris ossis occipitalis of the trench gate 8. 
Operation of this example is the same as that of the 1st example. Since the diffusion layer of 
high high impurity concentration is in the pars basilaris ossis occipitalis of the trench gate 8 in 
the case of this example, it is hard coming to pass to the p body 2 by which the hole was 
connected to the source electrode, and a drain field is covered with a hole. Therefore, a drain 
field tends to be covered with a hole from the 4th example, conductivity modulation is promoted, 
and an on resistance is reduced. As an application of this example, it is n+. p+ which has high 
high impurity concentration for layers 51 and 61 from the p body 2 The same effect is 
expectable even if it transposes to a layer. 

[0019] Drawing 7 is the 6th example based on this invention, and it is characterized by increasing 
the diffused resistor of a pouring carrier by using the lamination technology of a wafer. Basic 
composition is almost the same as the 1st example. Two wafers are prepared, and another wafer 
is stuck, after forming partially the insulator field 71 (for example, oxide film) in the wafer side of 
another side, grinding it to it and making it flat first in it. Subsequently, grinding and after grinding 
and making it predetermined thickness, the n source 1 . the p body 2, the source electrode 6, and 
the trench gate 8 are formed for one wafer from the main front face of one wafer. Next, it is n+ 
to the wafer of another side. The contact layer 4 and p+ The gate layer 5, the drain electrode 7, 
and the gate electrode 9 are formed, and it is made to complete. Since in the case of this 
example the hole poured into the drain field will be put back if it reaches the pars basilaris ossis 
occipitalis of the trench gate, a drain field is easy to be covered. Consequently, conductivity 
modulation becomes good somewhat from the 1st example, and an on resistance is reduced. 
Moreover, application of accumulating a hole in the drain field 32 is possible by making area of 
the insulator field 71 large and narrowing the entrance of the hole poured in to the drain field 31. 
Furthermore, by manufacturing the n drain 31 and the n drain 32 as another application by the 
substrate from which resistivity is different, a diffused resistor can be increased, consequently 
the conductivity modulation of an electron and a hole can be promoted 
[0020] Drawing 8 is the 7th example based on this invention, and is the example which 
accumulated the voltage drive type semiconductor device of the 1 st example on Power IC. In 
this example, in order to lose a mutual interference with other elements, the dielectric separation 
substrate is used. Basic composition is almost the same as the 1 st example. In the case of this 
example, it is p+ of a dielectric separation substrate to the diffusion layer for making a minority 
carrier inject into the n drain 3. It is characterized by using the embedding layer 91. Operation of 
this semiconductor device is the same as that of the 1st example. Although, as for the 
conventional lateral voltage drive type semiconductor device, conductivity modulation happens 
only on a substrate front face, in order that the flow of a majority carrier (electron) may reach to 
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the interior of a substrate by the trench gate, conductivity modulation happens inside a 
substrate and an on resistance reduces this semiconductor device by the effect of this 
invention. The power IC using this semiconductor device can enlarge current capacity, when a 
chip size is made the same using the same package. Moreover, when current capacity is fixed, a 
chip size can be made small and it is made to a low cost. 

[0021] Drawin g 9 is the example of the octavus based on this invention, and has applied this 
invention to the so-called IGBT (insulated-gate form bipolar transistor). 

[0022] The operation of this example is as follows. A channel is formed in the p body 2 of the 
voltage drive of the trench gate 8, and an electron flows from the source 1 to a drain 3. If a drain 
and the voltage between the sources exceed the built-in voltage of p emitter junction, a hole will 
be injected into a drain 3 from the p emitter region 101, and conductivity modulation will be 
started. In the drain field near the p body, since it is narrowed by the trench gate, the diffusion 
rate of a hole falls and a drain field is covered with a hole. On the other hand, since a majority 
carrier flows through the channel of the body, with regards to a diffused resistor, a drain field is 
flowed that there is nothing. Consequently, a drain field becomes close to about the same 
plasma state as a thyristor, conductivity modulation is promoted further, and an on resistance 
falls. In the case of this semiconductor device, compared with the conventional IGBT, an on 
resistance can be reduced to about 1/10, and. in the case of 2500V class, can realize about the 
same on resistance as a GTO thyristor. 

[0023] As mentioned above, although this invention was explained based on nine examples, this 
invention is not limited to these examples and various kinds of deformation and application are 
possible for it. For example, the diffused resistor of n drain field near the p body can be 
increased narrowing width of face of p body or the trench gate, making the depth of the trench 
gate deep, by narrowing segment width of face of an element, etc. Moreover, by irradiation of 
helium++ ion, a proton, or an electron ray, in the mobility of the minority carrier of the n drain 3 
near the p body, it decreases locally and the whole surface or increasing a diffused resistor in 
efficiency are also considered. In addition, in each example, even if it makes a conductivity type 
into reversed polarity, it cannot be overemphasized that there are the same operation and 
effect. 

[0024] Next, an example of the power converter which used the voltage drive type 
semiconductor device of this invention is explained. 

[0025] Drawing 10 is the circuit diagram showing the example of the three-phase-circuit inverter 
which used this invention voltage drive type semiconductor device. The direct-current terminal 
of a couple by which T1 and T2 are connected to DC power supply E in drawing, SI. S2 and S3 
and S4. the switching device that applied this invention voltage drive type semiconductor device 
by which the series connection of S5 and S6 was carried out. respectively, arranged polarity and 
parallel connection was carried out between the direct-current terminal T1 of a couple, and T2, 
The diode which makes the load current by which parallel connection was carried out by D1, D2. 
D3, D4. D5. and D6 making polarity reverse at each switching device flow back, T3. T4, and T5 
The alternating current terminal of the source resultant pulse number of ac output, and the same 
number pulled out from the node of two switching devices by which the series connection was 
carried out, respectively, A1 The 1st drive circuit and A2 which were connected to the trench 
gate electrode of this invention voltage drive type semiconductor device It is the 2nd drive 
circuit connected to the 2nd gate electrode which controls minority carrier injection. If voltage is 
impressed to the trench gate from the 1st drive circuit, voltage is first impressed from the 2nd 
drive circuit subsequently to the 2nd gate electrode in operation of this example and a minority 
carrier is made to inject into the drain of this invention semiconductor device, an inverter circuit 
will operate. Since the ON state voltage inside a switching device decreases by making it such 
circuitry, a power loss can be reduced from the conventional inverter circuit. 
[0026] 

[Effect of the Invention] According to this invention semiconductor device, compared with the 
conventional high proof pressure MOSFET and the high proof pressure IGBT, an on resistance 
can be reduced sharply as mentioned above. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a cross section explaining the composition of the 1st example of this invention. 
[Drawing 2] It is the cross section of the conventional vertical mold MOSFET. 
[Drawing 3] It is a cross section explaining the composition of the 2nd example of this invention. 
[Drawing 4] It is a cross section explaining the composition of the 3rd example of this invention. 
[Drawing 5 ] It is a cross section explaining the composition of the 4th example of this invention. 
[Drawing 6] It is a cross section explaining the composition of the 5th example of this invention. 
[Drawing 7] It is a cross section explaining the composition of the 6th example of this invention. 
[Drawing 8] It is a cross section explaining the composition of the 7th example of this invention. 
[Drawing 9] It is a cross section explaining the composition of the example of the octavus of this 
invention. 

[Drawing 10] It is the circuit diagram showing the example of the three-phase-circuit inverter 
which used the voltage drive type semiconductor device of this invention. 
[Description of Notations] 

1 [ — n drain, 4 / ~ n+ / A contact layer, 5 ~ p+ A gate layer, 6 / — A trench gate electrode, 
9 / — A gate electrode, 31 / ~ n drains 1 and 32 / — n drains 2, 51 and 61 / — n+ / A layer, 
71 / A buried layer, 101 — p emitter region. / — An insulator field, 91 — p+ / — A source 
electrode, 7,102 — A drain electrode, 8 ] — n 
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